This paper proposes a corpora-based approach in comparing the Mapping Principles for economy metaphors in English and Chinese. The Mapping Principles are validated using an upper ontology (SUMO). This research extends on the work of Ahrens, Chung and Huang (2003) by examining the 'economy' metaphors in Chinese and English. In Ahrens, Chung and Huang (2003) , they proposed to delimit the Mapping Principle via two steps: First, they used a corpora-based analysis on the word jingji 'economy' to find out the most prototypical mappings in a metaphor Second, they used an upper ontology (SUMO) to examine whether the mapping principle is a representation of conceptual knowledge in the ontology. This paper goes a step further by examining the similarities and differences of source domains in 
Introduction
In the framework of Lakoff and Johnson (1980) and Lakoff (1993) , conceptual metaphors are mappings from a concrete source domain to an abstract target domain.
Lakoff proposes a "general principle" which is "part of the conceptual system underlying English " (1993:306) . Ahrens (2002) , however, suggested that this 'general principle' can be formulated in the form of Mapping Principle, an intuitive-based principle stating the underlying reason for source-domain mappings. These rules were verified with offline experiments (Ahrens 2002 and Lu 2002) in which they successfully predicted the reading times for metaphors that follow the mapping principles and metaphors that do not. Therefore, the 'general principle' can be delimited by providing Mapping Principle, which is specific for a particular metaphor to reason the mappings between source and target domains. Ahrens, Chung and Huang (2003) proposed to delimit the Mapping Principle via two steps: First, they used a corpora-based analysis on the word jingji 'economy' to find out the most prototypical mappings in a metaphor and hence formed the mapping principle.
Second, they used an upper ontology (SUMO http://ontology.teknowledge.com/) to examine whether the Mapping Principle is a representation of conceptual knowledge in the ontology. For example, in examining ECONOMY IS COMPETITION, the knowledge of 'competition' has a corresponding node with Contest in SUMO and "a War is kind of ViolentContest, which in term is a kind of Contest" (Ahrens, Chung and Huang 2003) . Therefore, the metaphors ECONOMY IS COMPETITION and ECONOMY IS WAR can be subsumed under the same knowledge representation. These findings support the mapping principles that there are specific principles governing the source-target domain mappings.
In this paper, we will focus on one metaphor -- To answer these questions, this paper adopts a similar methodology adopted by Ahrens, Chung and Huang (2003) by examining the corpora data as well as extracting the knowledge representation from SUMO to compare with the corpora data.
However, this paper extends on previous research by examining the mapping in two languages. By comparing two languages, we can further investigate whether the similar Mapping Principle is extracting for the similar metaphor in two different languages. We foreshadow that if a similar metaphor with the same type of prototypical linguistic expressions is found in two different languages, the Mapping Principle should be the same. If the Mapping Principles are the same, the knowledge representations for both speech communities in describing that metaphor are also the same. In this paper, we will demonstrate this hypothesis by using corpora analysis of both Chinese and English metaphor of ECONOMY IS A PERSON.
Economy and Conceptual Metaphors
Metaphors are present in every day's language use. Some of these metaphors are so often used that the speakers are unaware of their metaphoric meanings.
Charteris-Black (2000), for instance, carried out a comparative language analysis of the Economist magazine and the economist section of the Bank of English corpus.
The results suggested that the metaphoric lexis in the Economist were higher in frequency than in the general magazines. This suggested that the ESP learners are dealing with more specific types of metaphors as part of their 'technical' register.
Incorporating this idea in teaching, Boers (2000) carried out an experiment comparing the teaching of economy metaphors to two groups of learners -one with special attention to the metaphoric meanings and the other with dictionary definitions of the metaphors. The subjects were the French-speaking university students of business and economics in Belgium. In what follows, this paper suggests the use of the Conceptual Mapping Model (Ahrens 2002) , which provides a clearer theoretical analysis of metaphors.
The Conceptual Mapping Model
The CMM is a model based within the Contemporary Theory of Metaphor (CTM) (Lakoff and Johnson 1980, Lakoff 1993) . It supports the idea that metaphors have systematic source to target domain mapping. However, the CMM goes beyond the CTM by postulating a principle connecting the mapping between the source and target domains. The CMM can also be used in analyzing metaphors linguistically by dividing the metaphorical expressions into entities (nouns), qualities (adjectives) and functions (verbs).
In Ahrens (2002) , the metaphor IDEA IS BUILDING was analyzed. There were five steps to this analysis. These five steps are listed in Table 1 : 
Step1
Given the target domain of IDEA, native speakers generated all items related to IDEA
Step 2 These generated items were categorized into similar source domains such as BUILDING and WAR
Step 3 For each source domain, the conceptual real world knowledge was generated. This was done by asking the following three questions: Step 4 Non-conventional expressions generated in Step 1 were filtered out
Step 5 The actual mapping between the target (IDEA) and source (BUILDING) were compared with what could possibly be mapped in the real world.
For the metaphor of IDEA IS BUILDING, Ahrens (2001:279) proposed the following connection between the source and target domain pairings:
Idea (originally capitalized) is understood as building because buildings involve a (physical) structure and ideas involve an (abstract) structure.
This connection is called 'Mapping Principle' (Ahrens 2001:279) , which specifies the underlying reason for the mapping of source to target domains.
SUMO Ontology

SUMO (Suggested Upper Merged Ontology) is a shared upper ontology
developed by the IEEE Standard Upper Ontology Working Group. It consists of concepts, relations and axioms that address a broad range of domains and interests.
All concepts in SUMO are structured in the form of hierarchy with the root of Entity, which represents the most general concept. The Entity is divided into Physical and Abstract. These Physical and Abstract entities are then further divided into more specific nodes.
Applying ontology in linguistics, Niles (2003) suggested that the incorporation of the SUMO ontology with WordNet allows ontology to be used "automatically by applications (e.g. Information Retrieval and Natural Language Processing applications) 8 that process free text." The interest of this paper lies in observing the automated processing of Mapping Principles in the source-target domain mappings in conceptual metaphors.
In this paper, we demonstrate how SUMO helps delimit the source domain knowledge of metaphorical mappings. We also want to demonstrate how the source domain knowledge differs (or show similarities) across languages. In order to examining the similarities and differences cross-linguistically, the following section first displays our corpora analyses for economy metaphors in English and Chinese.
These analyses help extracting the Mapping Principles of economy metaphors in both these languages. The concepts represented by the Mapping Principles will then be examined using the SUMO ontology. This incorporation of SUMO into our analysis allows the source domain knowledge (identified in the corpora analyses) to be defined at the upper ontology level.
The following section first presents the analyses of English and Chinese economy metaphors.
Corpora Data
Methodology
The Chinese data were extracted from the Academic Sinica Balanced Corpus, a tagged corpus with over 5 million words of Mandarin usage in Taiwan This paper has chosen to delimit the target domain of economy metaphors by running a search on the term 'economy' or jingji only. Other related terms such as 'currency' and 'market' are not the concerns of this current paper.
For both Chinese and English corpora, all instances were read through and metaphorical uses of 'economy' or jingji were marked manually. A metaphor was identified when the term 'economy' was expressed using concrete idea. 
Results
The English corpus data produce a total of 209 recurring economy metaphors.
Comparatively, in the Chinese data, a total of 311 recurring metaphors were found.
The breakdowns of the data are shown in Table 2 . The second source domain that appears in both languages is BUILDING.
However, in Chinese, the use of the knowledge domain of 'Building' is far more frequent than the English data. In 
ECONOMY IS MOVING VEHICLE
(9) the economy is going to slow down , (10) the U.S. economy were barreling down the highway at 100 miles However, we will leave this portion under future research. In the next paper when we incorporate Wordnet into account, we will examine all linguistic expressions and compare their hypernyms so that the determination of metaphors and the selection of the source domains can become automated and hence overcome the limitations of the manual analysis.
For this current paper, we focus specifically on the source domain of PERSON, which obtained the most frequents scores in both languages. The following section will address this issue.
ECONOMY IS A PERSON
The details of the Chinese metaphors are shown in Table 3 and the English ones are shown in Table 4 . In both Tables 3 and 4 The driving principle of the Conceptual Mapping model is that there should be a principled reason for Mapping Principles. Ahrens, Chung and Huang (2003) hypothesized that this Mapping Principle can be automatically determined on the basis of frequency. Comparing the most frequent expressions in Tables 3 and 4 This Mapping Principle is reflected in both the Chinese and English data. The
English data, however, display more types (26) than the Chinese data (11). This is due to the mapping of 'emotions' in addition to the 'physical growth' in the English data.
Expressions such as 'depressed' and 'hurt' are found repeatedly in the English examples (with 'hurt' being an ambiguous word referring to either physical or emotional hurts). However, the mapping of the emotion of a person is less frequent compared to the physical growth. Since our hypothesis considers the most frequent instances as contributors to the Mapping Principles, the occurrences of 'emotion of a person' do not interfere with the results.
In the next section, we will refer to the SUMO ontology in delimiting the source domain knowledge of the metaphors. The next section will explain why the source domain of PERSON can map expressions relating to 'growth' and at the same time allows the mapping of 'emotion' to PERSON. Using the SUMO ontology, this paper explains the source-target domains mappings using representation of shared knowledge provided by SUMO.
The Knowledge domain of 'Person' in SUMO
In the previous sections, our corpora analyses show that both English and and subsidiary mappings are also reflected in the cross-linguistic study of TIME IS MOTION in Ahrens and Huang (2002) . They proposed that when TIME IS A MOVING ENTITY the orientation of the ego is a conceptual subsidiary of the main mapping and can be parameterized differently in different languages.
In the case of ECONOMY IS A PERSON in English, the frequency of expressions relating to 'emotions' is low and therefore does not affect the most prototypical mapping -i.e., 'growth.'
Conclusion
This paper provides a corpora-based analysis of the 'economy' metaphors in Chinese and English. The analysis supports a prototypical view of mappings that the most frequent mappings in a metaphor underlying the Mapping Principle (Ahrens 2002) for that metaphor. This paper also extends on the discussion of Ahrens, Chung and Huang (2003) in which they suggest a way of delimiting the source domain knowledge by using an upper ontology, i.e. SUMO. Looking into the example of ECONOMY IS A PERSON, we observe the representation of shared knowledge in the source domain in different languages and explain the similarities and differences by looking into the definition of inference rules in the upper ontology.
This paper contributes to further supporting the use of ontology and corpora data to automate the process of extracting Mapping Principles. This work provides a computational approach to refine Lakoff's (1993) statement that there is only 'general mapping principle' which exists between the mappings of source to target domain.
This paper has shown that Mapping principles are not only specific but also extractable from corpora analysis.
In the corpora analysis, we constrain the Mapping Principle so that there is only one main Mapping Principle per source domain. We propose that this Mapping
Principle is reflected by the prototypical (i.e. most frequent) mappings in the metaphor.
If there is a subsidiary mapping in the same metaphor, as long as its frequency does not exceed the most prototypical mappings (such as 'stage'-i.e., 'living cycle'--of a PERSON), the subsidiary mapping will not interfere with the main mapping. These main-and-subsidiary mappings can reflect cross-linguistic similarities and differences in conceptual metaphor mapping.
